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Background. Intravascular fluids are empirically administered to prevent hypotension induced by spinal anaesthesia. Ultrasound measurements of the inferior vena cava (IVC) and the IVC collapsibility index (IVC-CI) is a non-invasive method to evaluate the intravascular volume status. The aim of the study was to identify the prognostic value of the IVC collapsibility index in spontaneously breathing patients to predict severe intraoperative hypotension.
Materials and methods. Sixty patients undergoing elective knee arthroplasty under spinal anaesthesia were included in the prospective study. The diameters of IVC ex , IVC in , and IVC-CI were measured before and 15 min after spinal anaesthesia when administration of 500 ml of normal saline using infusion pump was finished. The haemodynamic parameters (heart rate, systolic, diastolic, and mean blood pressures, breathing rate) were collected.
Results. Severe arterial hypotension was noticed in 18.3% of the patients. No statistically significant differences were detected between changes in IVC ex , IVC in , and IVC-CI comparing hypotensive and non-hypotensive patients at the baseline and after the interventions (p > 0.005). According to receiver operating characteristic (ROC) analysis, IVC-CI is not effective in the prediction of severe hypotension during spinal anaesthesia in spontaneously breathing patients: the area under the ROC curve for IVC-CI was <0.7, p > 0.05.
Conclusions. IVC-CI is not an effective predictor of severe hypotension after induction of spinal anaesthesia followed by normal saline administration in spontaneously breathing patients undergoing elective knee arthroplasty. More trials, including different patient subgroups, will be needed.
INTRODUCTION
One of the methods to provide safe and effective intraoperative analgesia during knee arthroplasty is spinal anaesthesia (SA). Hypotension is one of the common haemodynamic disorders (1) . During the SA, sympathetic fibres are blocked and, as a result, sympathetic denervation is caused. Hypotension during SA can be caused by decreased heart preload or reduced systemic vascular resistance (relative hypovolemia) (2, 3) .
Administration of intravascular fluids is one of the methods to prevent SA-induced hypotension. The risk of fluid overload during elective surgery was presented because intraoperative volume repletion is generally empirical (4, 5) . Over fluid resuscitation is associated with organ dysfunction and higher mortality rate (6), thus, to avoid ineffective or even harmful intravascular volume expansion, it is important to have tools to predict hypotension and fluid responsiveness.
Ultrasound examination of the inferior vena cava (IVC) and the IVC collapsibility index (IVC-CI) is one of the useful, effective, and non-invasive methods to evaluate the intravascular volume status in mechanically ventilated patients. According to the literature, this method is inaccurate in spontaneously breathing critically ill patients (7, 8) while there is less data on non-critically ill patients (9) .
The aim of this study was to identify the prognostic value of the IVC collapsibility index in spontaneously breathing patients undergoing elective knee arthroplasty to predict severe intraoperative hypotension. Adult patients (>18 years) undergoing elective knee joint replacement surgery under spinal anaesthesia were enrolled in this study. The flow chart of patient enrolment is presented in Fig. 1 . Written informed consent was obtained from all patients. Demographic data (age, sex, body mass index (BMI), body surface area (BSA), ASA status) were collected.
METHODS

Interventions
An intravenous cannula was placed and the standard monitoring (electrocardiography, pulse oximetry, and non-invasive blood pressure) was started upon arrival to the operating room. After baseline measurements were done, administration of normal saline was started with an infusion pump and 500 ml were administered during the first 15 min after the beginning of SA. In the lateral decubitus position the subarachnoid space was identified and 15-17 mg of levobupivacaine was administered. After the SA was performed, patients were rotated in the supine position. A cold test with alcohol wipe was performed to determine the level of the sensory block.
Measurements
All measurements were noted twice: at the baseline and after the intervention. The baseline parameters were recorded before beginning of SA. The next measurements were performed 15 min after the intrathecal administration of levobupivacaine and fluid therapy of 500 ml of normal saline was finished.
The haemodynamic parameters: heart rate (HR, beats per minute, bpm), systolic (SBP) and diastolic (DBP) blood pressures, mean arterial blood pressures (MAP), breathing rate (breaths per minute, b/min) were collected. Hypotension was considered when the SBP value dropped below baseline by more than 30%.
All measurements of IVC were performed in the supine position with one leg bent as this position was needed for surgery. IVC was visualised, and IVC ex and IVC in were measured in the subcostal long axis view. The measurements were taken in M-mode 1-2 cm below the level of the hepatic veins (7, 9-11). IVC-CI was calculated using the following equation: IVC-CI = ((IVCex -IVCin)/IVCex) × 100% (10).
Statistical analysis
The statistical analysis was performed using IBM SPSS 22.0 software. The Kolmogorov-Smirnov test was used to determine normal distribution of the data. The choice of statistical tests depended on the sample size and data distribution. Categorical variables were compared using the Chisquare test. Not normally distributed quantitative variables were compared using the Mann-Whitney test. For normally distributed quantitative variables we applied Student t-test. Pearson correlation coefficient was used to detect the correlation between the variables. A receiver operating characteristic (ROC) curve was plotted to determine the threshold value of IVC-CI which provided the prediction of hypotension. We assumed IVC-CI to be clinically relevant if the area under the curve (AUC) was >0.7. The data are presented as mean with standard deviation or median with a range. Statistical significance was determined as p < 0.05.
RESULTS
Demographic data and clinical characteristics of the patients are presented in Table 1 . There was no significant difference in demographic characteristics between hypotensive and non-hypotensive patients.
Although hypotension during SA was common in almost all patients, severe hypotension (drop of arterial blood pressure >30% from the baseline) was registered in 18.3% (n = 11) of the patients. No statistically significant differences were detected between changes in IVC ex , IVC in , and IVC-CI comparing hypotensive and non-hypotensive patients at the baseline and after the interventions (15 min after the beginning of SA). The variations of haemodynamic parameters and ultrasonography indices are shown in Table 2 . Also, we found no statistically significant correlation between MAP and IVC-CI (r = -0.012, p = 0.927) after the interventions. IVC-CI does not predict severe hypotension during SA; the receiver operating characteristic (ROC) curve is presented in Fig. 2 . The AUC of the ROC curve for prediction of severe hypotension was less than 0.7 and p value more than 0.05 (baseline: AUC 0.5 (95% CI 0.28, 0.72, p = 0.975); after interventions: AUC 0.44 (95% CI 0.24, 0.63, p = 0.535)). 
DISCUSSION
An adequate tissue perfusion during surgery is crucial to prevent the adverse outcomes (12) . SA is one of the common methods of intraoperative analgesia during knee replacement surgery. SA-induced sympathetic denervation causes a dilatation of peripheral blood vessels. The haemodynamic changes depend on the relationship between dilation of venous and arterials (13) . This may lead to reduced heart preload and hypotension, which can be associated with hypoperfusion (14) . Therefore, it is important to evaluate intravascular volume status during the surgery. We hypothesized that reduction of heart preload and development of hypotension during SA can be associated with the increased collapsibility index of IVC.
The rate of severe hypotension in our population was 18.3%. The incidence of hypotension in our study was lower compared to the literature (1, 14, 15) during SA followed by mini fluid therapy. There are three general determinants of blood pressure: intravascular volume status, cardiac output, and systemic vascular resistance (SVR) (generally determined by sympathetic activity) (6) . SA-induced sympathetic denervation causes the reduction of SVR, which leads to relative hypovolemia (2, 3). We failed to find statistically significant differences in changes of IVC in , IVC ex , and IVC-CI between the hypotensive and non-hypotensive patients after the intervention. The intravascular volume status did not significantly change after SA was performed as it was followed by mini fluid therapy. We suggest that if heart preload does not change, the main reason of SA-induced hypotension followed by mini fluid therapy is the reduction in SVR. It is logical that in this state the main treatment of SA-induced hypotension should be vasopressors (16) .
Our study showed that the IVC collapsibility index is not a useful tool to predict severe hypotension during SA followed by fluid therapy in spontaneously breathing patients undergoing elective knee arthroplasty, as the AUC of the ROC curve for IVC-CI was <0.7 (p > 0.05). Some studies find opposite results. For example, Zhang et al. (17) found that IVC-CI helped to predict hypotension during general anaesthesia after induction. The main reasons of different results are: the type of anaesthesia (general vs. spinal), a different population, and the type of surgery.
Furthermore, it is important to note that the inferior vena cava is a large vessel, the diameter of which depends on changes in extrinsic and intrinsic factors. It is known that changes in the intrathoracic pressure and in the breathing manner significantly affect the IVC diameter in a spontaneously breathing patient (18, 19) . We asked patients to breathe normally while the measurements of IVC were taken. Moreover, individual properties of the IVC wall, elasticity in particular, may affect the measurement results (20) .
CONCLUSIONS
An increase in IVC-CI does not help to identify severe hypotension during SA after normal saline administration in spontaneously breathing patients undergoing elective knee arthroplasty. The circulating blood volume and heart preload did not change after intravascular administration of crystalloids during SA. More trials, including different patient subgroups, will be needed.
